INTRODUCTION
Beef cattle productivity in the breeding phase is directly related to the number and weight of calves weaned by the dam. The number of calves is related to the dam's reproductive efficiency, which depends on the age at first calving, the calving interval and length of time in the herd. The weaning weight is a trait influenced by the calf's and dam's genotype (Espasandin et al., 2001; Pereira, 2008) . The dam's genotype influences the offspring's weight through milk production and maternal care, as well as the direct additive effects passed on to the calf (Alencar, 1989; Albuquerque et al., 1993) .
According to Ribeiro et al. (2001) , larger cows within one breed or between breeds or crossbreeds generally produce heavier calves at weaning, but they have greater maintenance requirements and usually produce more milk, which increases their nutritional requirements (Kress et al., 1969; Euclides Filho et al., 1984) . Stewart and Martin (1983) and Marshall et al. (1984) concluded that there is an optimum weight or size for cows in terms of productive efficiency. The decision regarding the acceptable range of cow size depends on the genetic and environmental resources available, as well as on the maintenance costs of the beef cattle production systems, and on the sale price of discarded cows.
However, to determine the reproductive efficiency of a herd, easier and less expensive forms of measurement can be used, generating relevant indicators. Therefore, studying the correlations between reproductive traits and measures of productive efficiency of cows and calves is important for making decisions on the selection system, when the focus is the efficiency of the offspring herd.
The objective of this study, therefore, was to evaluate the repeatability of measures of productive and reproductive efficiency and their associations, so as to guide decisions regarding their use in the selection process for improved reproductive efficiency.
MATERIAL AND METHODS
The experiment was conducted at Embrapa Gado de Corte facilities, in Campo Grande, Mato Grosso do Sul. All animals from the herd were maintained on an exclusive grazing regime, receiving unlimited mineral supplements throughout the whole year. The descriptive statistics from the data are given in Tables 1, 2 Total  127  136  114  119  Censored  32  57  14  9  CI  Total  141  154  108  -Censored  30  71  22  -DC  Total  191  186  162  -Censored  38  78  29  -PR  Total  191  186  162  148  Not pregnant  37  76  24  21   Table 3 . Data distribution for days to heat (DH), calving interval (CI), days to calving (DC), and pregnancy rate (PR) distributed in each year.
The breeding seasons began in November of each year and ran until the end of January. The animals were split into two management groups on the basis of the previous calving date, called "Early Calved" (EC), for dams that had calved by October 15 and those that had not calved that year, and "Late Calved" (LC) for dams that had calved after that date.
The dams from the EC group were subjected to a two-month breeding season, during which they were observed for heat cycle and subjected to artificial insemination, detecting the heat cycle with the use of studs wearing a marking halter, and then subjected to an additional 1-month covering with natural mating, except in the years 2007 and 2009, when they continued to be inseminated until the end of January. The dams from the LC group entered covering with only natural mating, from the start of December until the end of January every year.
Two months after the end of the breeding season, the dams were diagnosed for pregnancy to determine the pregnancy rate.
The reproductive traits analyzed were the interval from the start of the breeding season until the first heat cycle, referred to as days to heat (DH), calving interval (CI) only for dams that had calved on mating, days to calving (DC), comprising the period between the start of the covering season and calving, which show some of the analyzed data that were not actually observed and are considered to be censored data, for which only the lower limit of the trait is known. The result is the pregnancy rate (PR), which is a threshold trait, with the data presented in a binary form (0 or 1).
The values for the censored data were sampled from their respective conditional distributions (truncated normal distribution) in each Gibbs sampling cycle. For all the animals from the same contemporaneous group, truncation was applied to the highest data for the trait; therefore, the predicted value was between the point of truncation and positive infinity. Hence, any animal with censored data would not receive a simulated value less than another non-censored animal within the same contemporaneous group.
The productive traits analyzed were the dam weaning weight (DW), calf weaning weight corrected to 240 days (CW), body condition score at weaning (BCS), and weaning rate (WR), which is the ratio between CW and DW, expressed as a percentage.
The identifiable environmental effects considered in the analyses were the year, management group (except for the interval from the start of the season until the first heat cycle), genetic group, reproductive status (RS) (if the dam was a heifer or feeding offspring), linear effect of the dam's age at the start of the breeding season, linear effect of the interval from calving until the start of the breeding season (reproductive rest) and breed of the bull used only for CW and WR.
For reproductive rest, an 80-day period was considered for heifers and dams that had calved outside the calving season. This means that the solution for the effects of RS allows for direct comparison between the heifers and the dams that have calved with 80 days rest, corresponding to dams that calved at the start of the season.
The cow effects, productive and residual capacity, were considered to be random effects. The inclusion of the random cow effects allows for consideration of the correlation between two measures taken for the same animal, thus avoiding any overestimate of the sample size.
Analyses were conducted in multivariate fashion; one for each reproductive trait simultaneously with all four productive traits. The analyses were performed using a Bayesian approach via Gibbs Sampling, generating a chain of 110,000 and discarding the first 10,000 samples, with a sampling interval of 10, resulting in a final chain of 10,000 samples.
Thus, with the generated samples, the genotypic and residual (co)variances were obtained and the genotypic and residual correlations calculated, as well as the repeatability values.
After generating the samples with the Gibbs Sampler, the mean, median, standard deviation, and upper and lower limit values were calculated for the posterior credible regions with 95% coverage, correlation between the samples every 1, 10, and 50 samples, effective sample size and estimated Monte Carlo standard error.
RESULTS AND DISCUSSION
On the basis of the estimated repeatability of the reproductive traits studied, obtained through multi-trait analyses, Table 4 shows that the traits of reproductive efficiency presented low or practically nonexistent repeatability levels. This proves that, even for the experimental herd used with stricter data collection, the correlation between measures in the same animal is low. In other words, animals that show a good result for one of these traits in one specific year will not necessarily show greater measures for that same trait in subsequent years. This low repeatability may have been partially influenced by the use of the effect of reproductive rest in the model.
The DC trait under extensive conditions is easily observed and collected in dams, when calving is routinely recorded. Since DC is defined as the interval between the start date of the covering season of the group (referred to as contemporaneous, or management group) and the next calving, this is feasible on farms with defined breeding seasons, and may be used in either natural or artificial covering systems. The estimated repeatability for DC, as seen in Table 4 , was low, as reported in the literature, with an estimated value of 0.0136 ± 0.0219, with 95% credibility interval of 0.00 to 0.0728. In a Nelore herd, Forni and Albuquerque (2005) found low repeatability values for DC, varying between 0.11 and 0.10. In European breeds, Meyer et al. (1990 Meyer et al. ( , 1991 and Johnston and Bunter (1996) published values of 0.05 to 0.14 for breeds of bull and 0.18 for Zebu crossbreeds.
CI is the time between two successive calvings. Therefore, this is only possible for cows in their second successive calving. As this is only based on the period between the two calvings, it may be calculated for a small portion of data, but without information for primiparous cows or cows at the end of their life. Bourdon and Brinks (1983) and Meacham and Notter (1987) concluded that the calving interval does not seem to be a good criterion for improving dams' reproduction in the herd due to a relatively low estimated heritability. Nevertheless, CI is a good alternative for herds that do not have defined breeding seasons and cows that calve all year round. The repeatability found was low, 0.0448 ± 0.0434 with 95% credibility interval of 0.0025 to 0.1505 (Table 4) , similar to that found in the literature, in which López de Torre and Brinks (1990) and Yagüe et al. (2009) found repeatability values of 0.14 and 0.085, respectively.
DH is a trait that has been studied very little, especially due to the limited collection of such data, bearing in mind that to obtain this trait the herd production system must involve controlled mating or artificial insemination and observation of the heat cycle. However, this also showed low repeatability, similar to the value presented by Yagüe et al. (2009) , 0.05 in a Rubia Gallega herd. Likewise, the estimated repeatability for DH was 0.012 ± 0.0013, with 95% credibility interval of 0.0010 to 0.0050 (Table 4) .
The gestation period is between the 2 measures that use the calving as the observation point of the measurement, which in the literature has shown a repeatability ranging between 0.17 and 0.19, as reported by Vianna et al. (1964) with the Charolesa breed, Scarpati et al. (1998) For the PR trait, as shown in Table 4 , repeatability was estimated at 0.1746 ± 0.0832 with 95% credibility interval of 0.0416 to 0.3510. Dearborn et al. (1973) found a repeatability of 0.09 using animals of the Hereford, Angus and Shorthorn breeds and their respective crosses, supporting the results of low repeatability found here.
The same did not occur with the repeatability estimates for the traits of productive efficiency, such as DW, which showed high repeatability, varying from 0.7054 to 0.7182 in the analyses conducted (Table 4) ; that is, cows that reached weaning with a high or low weight tend to wean in the subsequent seasons with a high or low weight, respectively. This is due to the fact that a significant determining factor of the DW is her size or structure, which defines that large cows weigh more and small cows weigh less. Meyer et al. (1990) found a repeatability of the DW to the yearly mating of 0.42, which is considered of medium magnitude in a Zebu cross herd, whereas Brinks et al. (1962) found repeatability values of 0.57 and 0.62 for DW in spring and autumn, respectively, representing slightly lower results than those found in this study.
BCS, CW and WR showed low repeatability, thus indicating a low association between the various measures of each trait for the same animal. This can be partly explained by the low heritability and strong influence of environmental variations in different years.
The estimated repeatability for BCS ranged from 0.1791 to 0.1925, showing the strong influence of random environmental effects and a small variation in the capacity of a dam to repeatedly show a higher or lower body condition at weaning over the course of the years. According to Renquist et al. (2006) , the body condition score is related to the PR, CI and weaning weight, which would suggest that the maintenance of an adequate body condition score immediately before, during and after the breeding season may be more important to sustain adequate reproductive performance. As regards the BCS at weaning, animals with a high or low BCS weaned lighter calves compared to animals with a moderate condition. In this study, we used a linear association, which does not consider this behavior.
CW weight showed estimated repeatability values that varied from 0.1558 to 0.1993, with low influence by genetic and permanent environmental factors, where this may be due to the fact that the cow accounts for only the genetic variance of the offspring. Therefore, it may be maintained that selecting dams based on the weaning weight of just one calf is not a very efficient strategy.
According to Kress et al. (1990) , using the WR in a mixed breed herd of animals of different sizes to measure productive efficiency is better than using the single measure of the CW weight, seeing as heavier cows wean heavier calves. However, when compared to the WR, the classification of the animals was altered. Nonetheless, when the average to low repeatability estimated in this study is analyzed, ranging from 0.2903 to 0.3294 in the different analyses, this can be considered a potential measure to be used for selection from a herd of calves.
As in all the analyses, the correlations between the measures of productive efficiency were estimated and are shown in Table 5 . Correlations followed by asterisk are statistically different from zero based on a 95% posterior probability interval. Table 5 . Posterior mean and standard deviation for coefficients of genotypic correlation between cow effects for variables days to calving (DC), calving interval (CI), days to heat (DH), pregnancy rate (PR), dam weight (DW), body condition score (BCS), calf weight (CW), and weaning rate (WR).
The correlations with DW were average to high; with BCS, they were positive and medium, varying between 0.4757 and 0.5156, a very similar result compared to Vieira et al. (2005) who found 0.6577. For CW, they were average to high in the positive sense, varying from 0.5722 to 0.7035, unlike in Vieira et al. (2005) , who observed not only negative but also low values equal to -0.1325. WR correlations were negative and high, varying between -0.8575 and -0.8979, showing the impact of the DW on WR.
The correlations of the dam's BCS with CW were positive, but low, varying from 0.0281 to 0.2026, while with WR, they were of average and negative magnitude, varying between -0.5087 and -0.5834, which possibly shows the influence of milk production on the weight loss of the dam and weight gain of the calf, resulting in worse body conditions and better weaning rates.
In addition, the correlation between the CW and the WR was low and negative, varying between -0.3587 and -0.0935, which is contradictory, seeing as the calf weight is used as the numerator of the formula for WR. This only serves as stronger evidence of the greater importance of CW over WR.
The estimated correlations between CI and productive traits can be seen in Table 5 . It can be noted that, in general, the accuracy of these estimates is low. The association with WR was practically nonexistent and low with BCS, as also observed by McManus et al. (2002) , with values of -0.01 and 0.21, respectively, whereas DW showed an intermediate association in contrast to McManus et al. (2002) , who found a correlation of -0.25.
In relation to CW, there was a high, positive and unfavorable association, which was also reported by Mariante and Zancaner (1985) , Mercadante et al. (1995) , McManus et al. (2002), and Gressler et al. (2005) , suggesting that the increased genetic potential for size (weight) could be associated with longer CIs, which could be explained by the fact that larger calves can consume more feed, and this increased feeding reduces luteinizing hormone secretion (Escrivão et al., 2009) , which is responsible for releasing the egg in the animal's estrous cycle. Another possibility is an intermediate association through the dam's milk production, allowing the calf to grow more and delaying the dam's return to reproduction.
For the DC trait, a low correlation with the BCS and WR was observed, and the latter showed a negative correlation. Although these are of opposite senses, they are favorable, for it is desirable to have a high WR and a short interval between the start of the covering season and calving. This could be explained by the fact that smaller cows have lower maintenance requirements and can therefore satisfy such requirements and more easily present estrus. These smaller cows display a higher WR compared to larger animals.
The productive traits showed a correlation of average magnitude with DC (Table 5) , DW (0.4390), BCS (0.2732), CW (0.4640), and weaning weight (-0.3032). DW and CW are both positive, which shows that heavier cows or cows that wean heavier calves have a higher value for the interval between the start of the covering season and subsequent calving. Forni and Albuquerque (2005) estimated 0.07 and Johnston and Bunter (1996) 0.08 for DW, and 0.06 for calf weaning weight. These results can be contrasted with findings by Meyer et al. (1991) , who estimated genetic correlations between DC and weight of crossbred cows at different ages, varying from -0.10 to -0.66.
The residual correlations in Table 6 show that due to environmental effects, in the year in which the cow weans heavier and in better body conditions, it produces a heavier calf, has a lower WR, and tends to have a lower CI and higher PR. Therefore, it follows that in years when cows wean lighter and in worse body conditions, they have a higher WR and also take longer to begin their heat cycle in the previous breeding season. Correlations followed by asterisk are statistically different from zero based on a 95% posterior probability interval. Table 6 . Posterior mean and standard deviation for coefficients of residual correlation between cow effects for variables days to calving (DC), calving interval (CI), days to heat (DH), pregnancy rate (PR), dam weight (DW), body condition score (BCS), calf weight (CW), and weaning rate (WR). Table 5 shows the results of the correlations with the PR trait, which were negative with all the other productive traits, meaning that the higher the value of any of these productive traits, the lower the pregnancy rate will be in the herd.
The highest correlation observed and the only one that was significantly different from zero was with the calf weaning weight, which demonstrates that cows that wean heavier calves are less likely to become pregnant. This could be explained (Oliveira, 2006) by the fact that cows with better maternal ability may be better milk producers, which increases their maintenance requirement, and in an environment which does not meet such requirement, reproduc-tion may be compromised.
The correlations with DW and WR were of low magnitude, showing that larger cows tend to have a lower PR, and the effect of the WR may have been confused with the DW, in view of the fact that the CW has a strong effect on PR. The correlation with BCS was practically nonexistent. However, Santos et al. (2009) , when calculating the probability of calving in a Nelore herd, found that to obtain a likelihood of calving in the herd of over 80%, the average body condition score should be 5.5 on a scale of 1 to 9.
The correlations with the DH trait are similar to those with DC and CI, showing a positive correlation of average magnitude with DW and CW, unlike the results presented by Johnston and Bunter (1995) , who found -0.1 and -0.05, respectively, and Meyer et al. (1991) , who found -0.05 in relation to dam weight. However, the correlations with WR were low and negative, and with the BCS, it was practically nonexistent (Table 5 ).
CONCLUSIONS
The low repeatability values found show that measures of reproductive traits are of little use in isolated observations, as they are subject to heavy influence by temporary environmental effects. High calf and dam weights were shown to indicate reduced reproductive efficiency. This proves that controlling the dam weight may be a good way of controlling reproductive efficiency loss caused by selection as to the calf weight.
